The characteristics of a lipase preparation fronm the uredospores of Puccinia graminis (pers.) f. sp. tritici (Eriks. and Henn.) have been investigated. The majority of the lipolytic activity in disrupted uredospores was found to be associated with a lipid-containing, particulate fraction which sedimented at 5000g. With triolein as a substrate, both 1,3-and 1,2-diglycerides were formed. Ethylenediaminetetraacetate, p-chloromercuribenzoic acid, and Hg2+ strongly inhibited the activity. A pH optimum of 6.7 was observed. The sensitivity of the preparation to higher temperatures was indicated by a complete loss of activity when the preparation was preincubated at 25 C or above for 30 minutes. A temperature optimum of 13 C for the enzyme is strikingly similar to the temperature optimum for germination of the uredospores. The possible relationship between the sensitivity of the enzyme and the germination process is discussed.
Relatively large quantities of lipids are present in the uredospores of many obligately parasitic fungi such as the plant rusts, and it is currently accepted that these stores provide much of the energy necessary for spore germination (1, 3, 8, 15, 18) . While recent studies with the uredospores of Puccinia graminis tritici have shown that carbohydrates are utilized more rapidly than lipids, especially during the initial stages of germination, lipids are extensively metabolized (4) .
In spite of the apparent importance of lipid metabolism during the germination of spores, little experimental data are available to indicate the exact metabolic pathways or the characteristics of enzymes involved in the utilization of endogenous lipids by obligately parasitic fungal spores. Several studies have also shown the rapid utilization of exogenous lipids, especially the short chain fatty acids, by spores (13, 14, 16, 19, 20) . The conversion of cis-9 , 1O-epoxyoctadecanoic acid to 9,10-dihydroxyoctadecanoic acid has been shown to be effected by enzymes present in the uredospores of P. graminis tritici and Melampsora lini (6, 22) . During the isolation of cellfree preparations capable of catalyzing the hydration of cis-9,10-epoxyoctadecanoic acid to form 9,10-dihydroxyoctadecanoic acid (unpublished work from our laboratory) it was observed 'This study was supported by the National Science Foundation Grant GB7667 and by the Nebraska Wheat Division. Published University of Nebraska, Lincoln, Nebraska 68503 that a very active lipase was present in the uredospores of P. graminis tritici. The time necessary for disruption of the uredospores in an aqueous medium allowed essentially total conversion of the endogenous triglycerides to mono-and diglycerides. This observation and the assumption that triglyceride utilization must begin with a hydrolysis of esterified fatty acids led us to question whether the lipase activity in uredospores might be intimately involved not only in the control of lipid utilization but in the germination process as well. Therefore, it was the purpose of this work to determine some of the characteristics of the active lipase in the uredospores of P. graminis tritici.
MATERIALS AND METHODS
Uredospore Production. Uredospores of P. graminis (Pers.) f. sp. tritici (Eriks. and E. Henn.) were produced on Little Club wheat (Triticum aestivum L.). The inoculation of plants, collection of spores, and growth conditions were performed according to Wiese and Daly (24 Oleic Acid Assay. The extraction and assay of oleic acid were modified from that described by Dole and Meinertz (5) . The incubations were stopped by the addition of enough 2 N H2S04 (0.3 ml) to lower the pH to 3, and 5 ml of the extraction mixture, which consisted of isopropanol-heptane-2 N H2S04 (40:10:1).
After thorough mixing of the incubation mixture with the H2SO4 and extraction mixture, the yellow-colored heptane layer was allowed to separate. Centrifugation at low speed was used to hasten phase separation. The resulting heptane layer was transferred to a 1-x 6-cm titration tube with a pipette. The lower phase was then extracted twice with 3 ml of heptane, and the pooled heptane extract in the titration tube was evaporated under a stream of nitrogen. Exactly 0.75 ml of isopropanol was added to the titration tube followed by the addition of 0.25 ml of carbon dioxide-free water. The microglass electrodes of a Leeds & Northrup pH meter were inserted in the titration vessel along with the tip of the microburet and a capillary tube carrying a stream of nitrogen which had passed through a C02-absorbing trap (Mallcosorb R, Mallinckrodt). Approximately 0.005 N NaOH in 75%7, isopropanol-25%0 water was used as a titrant which was standardized each day against oleic acid. The twophase system, vigorously agitated by the nitrogen stream, was titrated to an end point corresponding to a pH reading of 10. Because of the two-phase titration and the modifications of the assay procedure, the suitability of the method was determined. The titration curves for a typical enzyme assay, for an enzyme control, for an enzyme control plus 8 Determination of Reaction Products. In this experiment the incubations were performed with 250 j.moles of triolein as substrate rather than the usual 100 ,umoles. The neutrallipids were extracted from the incubation mixture in the same manner as that described for the assay of oleic acid. An aliquot of the extract was chromatographed on Silica Gel G (Brinkmann) thin layer plates which had been prepared as described previously (9 Figure 2 , indicated an optimum between pH 6.6 and 6.8. Besides the effect of pH, the type of buffer employed has been shown to affect the activity of some lipases (23) . With the same enzyme preparation for incubations in 0.1 M tris-maleate buffer and in 0.1 M phosphate buffer no differences in activities were observed over the pH range from 5.5 to 8.0.
Optimal Temperature. Incubations, carried out at temperatures between 0 and 50 C, indicated an optimal temperature near 15 C (Figure 3) . The values for duplicate samples are plotted separately in Figure 3 . The lipase was essentially inactive above 40 C and exhibited approximately one-half maximal activity at 25 C. Considerable lipolytic activity has been observed with lipases from several sources at or below 0 C and even in the frozen state (25) . The preparation studied here also catalyzed a significant extent of lipolysis at 0 C. To determine if the effect of temperature was reversible, preincubations of the lipase preparation were performed for 30 minutes at 15, 25, 30, 40 , and 50 C. Then the incubations were carried out at 15 C with triolein under the usual conditions. Only the preparations preincubated at 15 C showed significant activity, thus indicating that preincubation at temperatures of 25 C or above completely destroyed enzymatic activity.
Lipolytic Products. Both 1,2-and 1, 3-diglycerides were found to increase during incubation of the lipase with triolein ( Table   Table II The ,umoles of products in aliquots of the lipid extracts from incubations of the lipase preparation with triolein. Both the enzyme and blank preparations were isolated from 100 mg of spores. II). A trace of monoglyceride appeared to be present in the enzyme digest, but a quantitative measurement of it could not be obtained. Thus both a-and 3-lipase activities appear to be present in the preparation. Diglycerides were also present in the blank sample and were present because of lipolysis of endogenous triglycerides during the preparation of the crude lipase. When spores were disrupted in an organic solvent, essentially no diglycerides were detectable. Spore breakage in an aqueous medium appears to activate the lipase, whether or not germination has been initiated. This situation is similar to that observed with some seed lipases (10) (11) (12) .
Several compounds were tested as substrates for the lipase. As shown in Table III , tripalmitin was more active than dipalmitin, and it in turn more active than monopalmitin. Thus the trigly cerides appear to be the most active substrate for the crude lipase. The lipase preparation exhibited less activity with tripalmitin than triolein while tricaprylin yielded the highest activity of all substrates tested. Without changing our assay conditions, tributyrin could not be effectively tested as a substrate. Quantitatively, caprylic acid and butyric acid are insignificant in P. graminis tritici uredospores. However, many lipases exhibit higher activities with glycerides of short chain fatty acids than Plant Physiol. Vol. 46, 1970 with glycerides of the long chain fatty acids which are common to the source of the lipase (25) . The high activities toward short chain triglycerides may lack physiological significance but may be the result of the physical properties of the triglycerides. The possibility of the actual substrate being a lipoprotein or triglyceride bound to a protein molecule was considered. However, no stimulation of lipolytic activity was observed when bovine serum albumin was included in the incubation mixture with an active lipase preparation.
Because of the activity of the enzyme preparation with methyl oleate as a substrate, the effect of an esterase inhibitor, phenylmethylsulfonyl fluoride, on the lipase was examined. To avoid precipitation of the inhibitor, the normal substrate emulsion was modified to contain 5% isopropyl alcohol. The hydrolysis of triolein in the presence of 5 % isopropyl alcohol was 55 %, (0.39 unit) of that when the incubation was carried out in the usual manner (0.71 unit). The addition of phenylmethylsulfonyl fluoride (10-2 M) did not cause a significant reduction in activity (0.50 unit) toward triolein.
A 10' m concentration of p-chloromercuribenzoic acid reduced the enzyme activity to 20%o of the uninhibited reaction, thus suggesting the involvement of a sulfhydryl function in the enzyme. However, the addition of dithiothreitol (10-3 M) to uninhibited incubations did not stimulate lipase activity, nor was it effective in producing a preparation with a higher specific activity when it was incorporated into the buffer used for the isolation of the crude lipase. Since partial but not complete inhibition of the lipase was observed, the sulfhydryl group is probably not involved in the active site of the enzyme but may be necessary for maintaining the integrity of the enzyme structure.
Ethylenediaminetetraacetate (10-2 M) completely inhibited the lipase activity. The inhibition could not be reversed by the addition of 5 X 10-2 or 1 X 10-l M Mg2+. The results of an investigation of the effect of metal ions on lipase activity are shown in Table IV . Hg2+ at 10-2 M concentration was highly inhibitory, while Fe2+, Pb2+, and All+ at 10-4 M exhibited lesser but definite inhibitory effects. The alkaline earth metal ions (10-2 M) and Zn (10-2 M) did not show strong inhibition. Several divalent metal ions, particularly Ca2+, have been shown to activate lipases from different sources (25) . In our study no activation by metals was observed. However, Ca2+ appeared to be the least inhibitory. The failure to stimulate enzyme activity by the addition of divalent ions to the incubation mixture may have been due to the presence of endogenous ions which were not removed in the preparation of the lipase because of our inability to maintain enzyme activity during dialysis. Thus it appears that metals are necessary for activity but enough are present to negate the necessity of adding them to the crude preparation. The slight inhibitory effect of most salt additions could very likely be the result of a nonspecific ion effect which changes the physical properties of the substrate emulsion. Perhaps the most noteworthy characteristic of the lipase studied here is its low temperature optimum. It has been reported that a lipase present in carp fish is most active at temperature in the range of 15 to 20 C, but, other than that report, most lipases appear to have optimal activities above 30 C (25) .
The effect of temperature on the germination of P. graminis tritici uredospores has been studied. Early studies by Stock (21) showed that the percentage of spores germinating was optimal when the temperature was between 11 and 23 C. At 15 C the maximal germination percentage was observed, although it was only approximately 10% greater than at 20 C and 20%o greater than at 10 and 25 C. These results are supported by Sharp et al. (17) , who found that a temperature of 15.6 C yielded a maximal germination rate. However, these wcrkers did not perform experiments below 15.6 C. Temperatures above 29 to 31 C almost completely inhibit germination, as do temperatures below about 2 C. Therefore, it appears that the optimal temperature for germination and lipase stability correspond closely. Furthermore, the maximal temperatures for lipase activity and germination are very similar. The uredospores of other obligately parasitic fungi also show optimal temperatures of germination which are similar to those of P. graminis tritici (2, 21) . Whether or not the effect of temperature on lipase activity is involved in the control or limitation of the germination process cannot be stated, but it does appear that the lipase is the most efficient or stable at temperatures which allow optimal germination.
